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INTRODUCTION
The U.S. Geological Survey, the Pennsylvania Department of Transportation, and the State Soil and Water Conservation Commission, Department of Environmental Resources, are cooperating in a study to determine the effectiveness of sediment-control measures used during highway construction. The study includes five stream basins just west of Enola, Pa. Streamflow, sediment concentration, and turbidity are being measured at stations on each stream. To date, data have been collected to document the pre-highway construction condition of each of the five streams. Figure 1 shows the area being studied, the basin boundaries, the measuring stations, and the planned route of Interstate 81--the highway under study.
The objective of this report is to present data from two of the five basins; basin 1 is the base or control basin, and basin 2 was subject to the construction of half a mile of one-lane roadway and a 5-acre farm pond. This report presents an analysis of the data collected from October 1, 1969 , through December 30, 1970 , and shows the effects of the road and pond construction on the sediment concentrations and discharges of the stream draining the affected basin. 
THE BASINS
The length of the two basins extends from the crest of Blue Mountain ( fig. 1 ) in a southeasterly direction, for an average distance of just over 1 mile, to the gaging stations along the Summerdale to Wentzville roadway. The average width of each basin is 0.6 mile. The basins are numbered from west to east and are drained by Conodoguinet Creek tributaries 1 and 2, respectively. Drainage areas at the gaging locations are 0.77 and 0.76 square mile.
Geology
Geology of the basins is similar. Blue Mountain is underlain with shale and sandstone belonging to the Clinton Group and quartzitic sandstone belonging to the Tuscarora Formation, both of Silurian age. The valley, from the base of the mountain, is underlain by shale belonging to the Martinsburg Formation of Ordovician age. The normal storage capacity of the completed 5-acre pond is about 26 acre-feet. The drainage area above the pond is 302 acres. Construction of the roadway disturbed a 15-acre area, and construction of the pond disturbed a 10.5-acre area. All streamflow was retained by the pond (after its completion) until November, when the pond overflowed.
Construction of the pond was supervised by personnel from the U.S. Soil Conservation Service, and precautions were taken to avoid excess stream sedimentation. The stream was diverted for the clearing and grubbing operation at the dam breast and in the planned flooded area. The area disturbed by the road and pond construction was seeded immediately after the pond was completed.
DATA COLLECTION AND ANALYSIS
Continuous water-discharge data were collected at the gaging site on each stream. Suspended-sediment samples were collected periodically during base-flow periods and every 15 minutes during storm runoff by means of automatic sampling equipment. Water turbidity was measured by a surfacescatter turbidimeter and continuously recorded on a strip chart.
In this report, data collected from Conodoguinet Creek tributary 1, which does not have any construction activities, are used as a control, and are compared with data from tributary 2 to determine the effects of the roadway and pond construction. The data analysis that follows is divided into four sections. The first section is water discharge. the second is base-flow sediment concentrations, the third is sediment loads, in tons, and the fourth is stream turbidities.
Water DiscLELE
Water discharge, measured in cubic feet per second (cfs) was quite similar, with respect to total quantities and variability of flow from both basins prior to construction of the pond. During the 11-month period from October 1, 1969, to August 31, 1970, the period not affected by the filling of the pond, 330 and 350 CFS-days (210 and 230 million gallons) of water was discharged from basin 1 and basin 2, respectively. The highest monthly water discharge uccurred in April, and the lowest monthly water discharge occurred the previous October. The following table shows the monthly water discharges from both basics in C'S'days and the total discharge for the 11-month period. The effects of the pond on peak streamflows and summer low flows can not: be evaluated at: this time, as several years of data would be required for the evaluation. Construction of the roadway in June and July to a point about 300 feet on either side of the stream, did not appreciably affect base-flow sediment concentrations, which averaged 7 mg/1 for the period. A large storm was required to move material the 300 feet from the construction surface of the roadway to the stream channel. When sufficient rain fell to transport the material to the stream channel in early July, it also increased the base flow, which flushed the sediment laden water through the stream system. The pond was planned for the dual purpose of storing water and permitting the roadway to cross the stream on the dam.
Construction of the pond in August and September affected base-flow sediment concentrations. Base-flow concentrations averaged 35 mg/1 during the August and early September period when the pond was being constructed (fig. 4) , even though equipment was not operated in the stream. During the construction process, areas of compacted, rather impermeable soils were exposed or created adjacent to the stream. Storms resulting in only half an inch of precipitation caused quantities of sediment laden runoff water to enter the stream, but the stream was in a low base-flow period and there was insufficient flow to flush the sediment laden water rapidly down the stream system. During this period the stream had high sediment concentrations for several days as the sediment resulting from the small storms travelled slowly downstream, dispersing with the available base flow.
In October, when the pond was filling and water from upstream was being stored, the base-flow sediment concentration averaged 10 mg/1, down from the highs in August but above the expected 5 mg/l observed in tributary 1. In November, base-flow sediment concentrations increased to 30 mg/1, when the pond, which had stored sediment laden storm water, started overflowing. By December, sediment concentrations in tributary 2 averaged 10 mg/1, about twice the observed concentrations in tributary 1. High spring base flows should thoroughly flush the pond, and the stream should return to preconstruction conditions. After t:he start of road construction the relation changed. From the start of road construction to the end of December 1970, 70 tons of sediment was discharged by tributary 2, while 15 tons was discharged by tributary 1. The increase in sediment yield was 55 tons, Data collected prior to construction indicated that the average sediment discharge from basin 2 was about 85 tons per year.
More than half the sediment discharged from basin 2 after the start of road construction was discharged in July, during two large storms. Only a relatively small, amount of sediment was discharged during the construction of the pond, primarily because no large storms occurred.
TurUdity
Turbidity results from the reduction of transparency of water due to the amount: of material in suspension. it is an optical property reflecting the size, shape, refractive index, and number of particles in suspension. Turbidity in this report is measured in the Jackson Turbidity Units (JTU). The U.S. Public Health Service (1962, p. 6) has recommended a maximum limit of 5 JTU for water used for human consumption.
Stream water turbidity is continuously measured and recorded at the gaging station on tributary 2 by means of a surface scatter turbidimeter. Continuous turbidity is not recorded at tributary 1. Figure 7 shows the average base-flow turbidity by 6-day periods and the corresponding water discharge, in cubic feet: per second s for tributary 2. Figure 7 shows that the average base-flow turbidity was 4 STU for the October through January low base-flow period and about 8 YID for the February through April, high base-flow period. During the low baseflow period in May the average turbidity was less than 4 TIT.
7 -During the construction of the roadway in June, July, and early August, t:he average base-flow turbidity was 7 JTU. After the start of pond construction, average base-flow turbidity increased to 33 STU for the 1-month period during construction, and the average was 18 JTU for the 2-month period when the pond was filling. During November and December, when the pond was overflowing, the average base-flow turbidity was 1.5 JTU.
CONCLUSIONS
This report shows the effects that construction of half a mile of one-lane roadway and a 5-acre pond had on sediment concentration and sediment discharge of the stream half a mile below the pond ctnstruction, where total drainage area is 0.76 square mile. The roadway was constructed during June, july, and August 1970, and the pond was constructed in August and September 1970. From the middle of September to the first of November the pond was filling, and it stored all the water from its 302 acre (0.46 square mile) drainage area. Water, sediment, and turbidity data are presented in this report from :wo iiiaains the one affected by construction and an adjacent basin that was lot affected. Data from October 1, 1969 , through December 31, 1970 resented to show the relation between the two basins before, during, and after construction.
Base-flow sediment concentrations increased from the expected 6 mg/1 :o an average of 35 mg/1 during the period of pond construction. In )ecember, after the pond was overflowing for 1 month, the base-flow sediment concentration at the gage was twice what would have been expected =der normal conditions. Sediment discharge attributable to the road and lend construction was 55 tons, which is 66 percent of the yearly quantity !xpected from the basin under normal conditions. Base-flow turbidity in the stream increased from an average of 6 JTU Ear the 10-month period prior to construction of the pond to an average Of 33 STU for the 1-month period during pond construction. Turbidity averaged 18 JTU for the 2-month period while the pond was filling and l5 JTU for the 2-month period, November and December, when the pond was 
